Species representing the genus Erwinia (sensu stricto, the gall-, wilt-, and dry-necrosis-producing phytopathogens) were examined for relatedness t o each other, to pectobacteria, and to other members of the family Enterobacteriaceae. The technique employed to show relatedness was deoxyribonucleic acid (DNA) hybridization and hydroxyapatite chromatography. The results indicate that all erwiniae are significantly related to Pectobacterium and t o other enterobacteria. DNA relatedness reveals six species of Erwinia: E. amylovora, E. nigrifluens, E. quercina, E. rubrifaciens, E. salicis, and E. tracheiphila. E. nigrifluens, E. rubrifaciens, and E. salicis show close intrageneric relatedness, whereas the other species exhibit as much relatedness to members of other genera as to the other Erwinia species. The data support the two-genus concept of Erwinia and Pectobacterium.
As presently constituted in Bergey S Manual (l), the genus Erwinia Winslow et al. contains an extremely diverse assortment of organisms, all of which are supposed phytopathogens. Organisms that cause wilts, galls, or dry necrosis, but not soft rot, comprise the genus Erwinia sensu stricto. It has been suggested that organisms causing soft-rot diseases be placed in the genus Pectobacterium Waldee (23) . We have followed this suggestion in earlier publications ( 5 ; D. J. Brenner, A. G. Steigerwalt, G. R. Fanning, and A. Kelman, unpublished data) and shall continue t o do so in this report.
Since the latest edition of Bergey's Manual, which was published in 1957, several investigators have studied taxonomic parameters in erwiniae. Although often disagreeing on specific taxonomic and nomenclatural designations, the investigators usually agree that the tribe Erwinieae contains four kinds of organisms. In addition t o phy topathogenic erwiniae and pectobacteria, there are yellow-pigmented organisms which in many cases are of doubtful phytopathogenicity. These organisms are often isolated from animals and man. Ewing and Fife (12) placed them in Enterobacter as E. agglomerans. Finally, existing strains of Erwinia dissolvens and Erwinia nimipressuralis are thought of as either grossly atypical erwiniae or members of Klebsiella or Enterobacter. Unpublished studies from our laboratory indicate that one of our E. dissolvens strains belongs to Klebsiella. The other strains of E. dissolvens and E. nimipressuralis are most closely related to Enterobacter cloacae.
Two of our previous studies dealt with members of Pectobacterium ( 5 ; Brenner, Steigerwalt, Fanning, and Kelman, unpublished data). This report treats the phytopathogenic species of Erwinia sensu stricto, as typified by Erwinia amylovora. Interspecific deoxyribonucleic acid reassociation reactions were carried out t o assess molecular relatedness among Erwinia species and between these organisms and other enterobacteria.
MATERIALS AND METHODS
Bacterial strains. The strains used in this study are listed in Table 1 .
Methods. The general protocol for the experiments reported here is t o choose a series of organisms as reference strains, label their deoxyribonucleic acid (DNA) with *PO,, shear and denature the labeled DNA, and allow it to reassociate with a 1500-fold excess of similarly prepared, unlabeled DNAs from the homologous organism and other organisms of interest (4). The concentration of labeled DNA (0.1 Fg/ml) is small enough to prevent significant reassociation of 
4).
The comparison of relative relatedness values obtained at an optimal and stringent reassociation criterion provides a third index of relatedness. The optimal temperature for reassociation is 25 to 30 C below the temperature at which a given DNA is denatured, which in these experiments is 60 C. The 75 C temperature is the stringent incubation condition, at which only closely related sequences can reassociate.
At 60 C, up to 20% unpaired bases may be present in DNA duplexes; at 75 C, less than 7% unpaired bases are tolerated (2).
The above-mentioned methods have been discussed in detail previously (3-5). =Percent divergence is calculated on the assumption that each 1 C decrease in thermal stability of a heterologous DNA duplex compared to that of the homologous DNA duplex is caused by 1% unpaired based within the duplex (17) .
RESULTS

In
agglomerans was tested (data not shown) confirm the lack of a high level of relatedness between E. agglomerans and Erwinia. Dye (8) and Ewing and Fife (12) consider Erwinia milletiae and E. cassavae to be synonyms of E. herbicola (Enterobacter agglomerans). It must be noted, however, that our preliminary studies indicate the existence of several widely different hybridization groups in Enterobacter agglomerans.
These data may be summarized as follows. (i) Neither Erwinia amylovora nor E. quercina exhibit significantly more than the core level of relatedness t o any other species of Enterobacteriaceae. (ii) Erwinia rubrifaciens, E . salicis, and E. nigrifluens are about 50% interrelated. The range of relatedness of these organisms to other erwiniae overlaps with their relatedness range t o pectobacteria. (iii) Erwinia tracheiphila shows its highest relatedness (38%) to E. rubrifaciens. (iv) All six species of Erwinia studied here fall into clearly different hybridization groups.
DISCUSSION
Gardner and Kado (13) obtained DNA hybridization data from several Erwinia species, particularly Erwinia rubrifaciens and E. a m ylovora. They used the DNA filter technique in the presence of formamide and assayed both direct DNA binding and DNA competition at several temperatures between 18 and 36 C below the thermal elution midpoint of their labeled DNA. Despite the use of a different method, largely different strains, and different temperatures of incubation, their data and those reported here are in good general agreement.
Results from the more recent studies attest to the existence of four groups of organisms within the genus Erwinia as presently described in Bergey's Manual (1) . There is general agreement that one of these groups, the so-called "atypical erwiniae," is composed of organisms that belong, in fact, t o Enterobacter or t o KlebsieZla pneumoniae (9, 10). Many, but . (9, 10) . About two-thirds of these organisms produce a yellow pigment (10) . Their validity as phytopathogens is, in many cases, questionable. These organisms are being isolated from human infection with increasing frequency (9, 22) , a fact 'which has stimulated a good deal of interest in them on the part of medical bacteriologists. Dye has studied these organisms from a taxonomic point of view (8); v o n Graevenitz (22) and Ewing and Fife (12) have studied clinical isolates. These organisms are usually treated as a single species. Ewing and Fife (12) proposed the name Enterobacter agglomerans for these organisms and described seven anaerogenic and four aerogenic biogroups. DNA-relatedness studies in progress indicate that these organisms are significantly, although distantly (usually 35% or less), related to Erwinia, Pectobacterium, and to most other Enterobacteriaeceae (Brenner, unpublished results). These DNA-relatedness studies indicate the existence of at least four markedly different hybridization groups among these organisms. A more detailed discussion before more data are available is both academic at this time and beyond the scope of this paper.
A great many taxonomic schemes have been proposed for the remaining two groups in Erwiniae: the "true" erwiniae, including E. amylovora, the type species of Erwinia, and the pec tolytic erwiniae, including Pecto bacteriu m carotovorum, the type species of Pectobacterium. Most of these proposals are of four types. (i) Remove the "true" erwiniae from Enterobacteriaceae (10, 23) . (ii) Retain the genus Erwinia as presently constituted in Bergey's Manual. (iii) Split the genus into two genera or two groups, one containing the pectolytic and related organisms and the other containing "true" erwiniae (5, 6, 7 , 23) . (iv) Distribute these organisms to other genera of Entero bacteriaceae based on biochemical similarity and without regard for phytopathogenicity (1 6, 19) .
There are compelling reasons to retain both the "true" and the pectolytic erwiniae in Entero bacteriaceae. These include biochemical and genetic evidence (see reference 20) , as well as DNA-hybridization data obtained previously ( 5 , 13) and in this study. The data relating to the question of whether these organisms should be retained in the genus Erwinia, split into Erwinia and Pectobacterium, or largely distributed throughout other genera of Enterobacteriaceae are excellently treated in the review by Starr and Chatterjee (20) . We have supported the two-genus concept because of the different metabolic patterns exhibited by Erwinia sensu stricto and Pectobacterium, differences in type of disease production, and generally higher intragroup DNA relatedness. It is true that the guanine + cytosine (G + C) composition in the DNA of these organisms does not correlate with the two-genus concept, as each genus contains organisms with 51% t o about 57% G + C (21; and Table 5 ). The single-genus concept does not alleviate the heterogeneous distribution of G + C and does not take into account the biochemical and pathological differences between these organisms.
There are also many schemes for speciating erwiniae. Many of the earlier schemes, unfortunately, were based on the host from which the bacterium was isolated without inform ation about host range of the newly isolated species or previously isolated species. This practice led to a variety of nomenclatural synonyms for the same species. Graham (15) and have carried out extensive studies t o purge these synonyms from the literature. Objections to classification based on site of isolation have been firmly stated by both plant and medical bacteriologists ( 7 , 11-14) .
Some of the more recent proposals for speciation of Erwiniae are shown in Table 5 Although the genera Pectobacterium and Erwinia both contain some organisms of differeing G + C content, and some organisms that do not exhibit higfi levels of intragenus relatedness, they are not unique among Enterobacteriaceae in these respects. The genus Enterobacter and the genus Proteus contain species that exhibit 20% or less relatedness at the genus level (Brenner, unpublished observations). Proteus species differ in G + C content by as much as 13%.
We believe that the most logical present course of action is t o retain E. tracheiphila, E. quercina, E. amylovora, E. salicis, E. rubrifaciens, and E. nigrifluens in the genus Erwinia on the basis of their similar biochemistry and pattern of disease production. The alternative would be four genera: one for E. tracheiphila, one for E. quercina, one for E. amylovora, and one for E. salicis, E. rubrifaciens, and E. nigrifluens. Such a scheme has no merit because it splits organisms without any purpose.
The strain received as Pectobacterium rhapontici ER 106 is indistinguishable from E. salicis (Table 3 ). This strain was included in our previous study ( 5 ) as the only representative of P. rhapontici. Therefore the conclusion that P.
rhapontici is a valid species of Pectobacterium must be withheld until valid strains of P. rhapontici are examined.
